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1 (54) Title: MICROSPHERES AND ADJUVANTS FOR DNA VACCINE DELIVERY 




^ (57) Abstract: A nucleic acid delivery system that ufTers 
2^ release kinetics and preservation of DNA in supcrciiilrd I 
^ molecules, such as deoxyribonucleic acid (DNA), encapsult 
— . DNA vaccines. The ivnention futher provides a method 11 
2 additionally provides a composition comprising nucli 



in one system, a combination of high encapsulation efficiency, rapid 
rm i.'i provided. The nucleic delivery .system comprises nucleic acid 
:d in biodegradable microspheres, and is particularly suited for delivery 
encapsulating nucleic acid molecules in microspheres. The invention 
nolecules encapsulated in microspheres produced by a method of the 



n, and a method for deLvering a nucleic acid molecule to a subject. The invention futher provides an adjuvant for modulat- 
) ing the immunostimulatory efficacy of nucrcspheres encapsulating nucleic acid molecules comprising an aminoalkyl glucosarainidc 
>■ 4-phosphate (AGP). The invention also provides a niethcxl for modulating the immunostimulatory efficacy of microspheres encap- 
' sulating nucleic acid molecules. 
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MICROSPHERES AND ADIUVANTS FOR DNA VACCINE DELrVERY 

This application claims the benefit of United States provisional appEcation numbei 
60/216,604, filed July 7, 2000, the entire contents of which ate incorporated herein by 
reference. 

Throtighout this application various publications are referenced. The disclosures of 
5 these pubKcations in their entireties are hereby incorporated by reference into this 
application in order to describe more fully the state of the art to -which this invention 
pertains. 

TECHNICAL FJKl.D OF THE INVENTION 

The invention relates to formulations, compositions and methods that can be used for 
10 the delivery of vaccines. More particularly, the invention relates to microspheres and 
adjuvants for more efficient and effective delivery of DNA vaccines. 

BACKC^RUUND UF THE INVENTION 

New vaccines are in development for the prevention, as well as the treatment, of cancers 
and chronic infectious diseases. The most effective vaccines will likely elicit CTLf 

15 responses in addition to T-helper responses and antibodies. DNA vaccines have been 
found to work well in generating CTL responses in mice, although further improvement 
is needed for use in humans. Attempts to develop microspheres as vehicles for DNA 
vaccine delivery have been limited by poor encapsulation efficiency, and nicking of the 
DNA and concomitant loss of supercoiled structure. Efforts to overcome these 

20 Limitations have produced microspheres whose release kinetics ate too slow, resulting ia 
degradation of the DN A while encapsulated. 

There remains a need for more efficient and effective means of delivery of DNA 
vaccines, particularly methods diat combme encapsulation efficiency with preservauou of 
DNA supercoiling and rapid rel'i-iic kint-tn s 
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SUMMARY OF THE INVENTION 

The invention provides a nucleic acid delivery system that siarprisingly offers, in one 
system, a combination of high encapsulation efficiency, rapid release kinetics and 
preservation of DNA in supercoiled form. The nucleic add delivery system of the 
5 invention comprises nudeic acid moleaJes, such as deoxytibonudeic add (DNA), 

encapsulated in biodegradable microspheres. In a preferred embodiment, at least 50% of 
the DNA in the microspheres comprises supercoiled DNA, and at least 50% of the 
DNA is released feom the microspheres after 7 days at about 37°C. In some 
embodiments, at least 70% of the DNA is rdeased from die microspheres after 7 days at 
10 about 37°C. Preferably, the microspheres have an encapsulation effidency of at least 
about 40%. In one embodiment, at least about 90% of the microspheres are about 1 to 
about 1 0 ^m in diameter. Microspheres in this size range are well-suited to be 
phagocytosed by antigen-presenting cells, leading to effective T cell stimulation. 

The microspheres of the invention preferably comprise a biodegradable polymer, such as 

15 poly(Iacto-co-glycolide) (PLG), poiy(lacade), poly(caprakctoiie), poly(hydroxybutyTatej 
and/or copolymers thereof. Altemativdy, the microspheres can comprise another wall- 
forming material. Suitable wall-forming materials include, but are not limited to, 
poly(dienes) such as poly(butadiene) and the like; poly(alkenes) such as polyediylene, 
polypropylene, and die like; poly(acrylics) such as poly(acrylic add) and the like; 

20 poly(methacrylics) such as poly(medayl methacrylate), poly(hydroxyethyl methacrykte), 
and the like; poly(vinyl ediers); poly(vinyl alcohols); poly(vinyl ketones); poly(vinyl 
halides) such as poly(vinyl chloride) and the like;, poly(vinyl nitriles), poly(vinyl esters) 
such as poly(vinyl acetate) and the like; poly(vinyI pyridines) such as poly(2-vinyl 
pyridine), poly(5-methyl-2-vinyl pyridine) and the like; poly(styrenes); poly(carbonates); 

25 poly(esters); poly(orfhoesters); poly(esteramides); poly(anhydrides); poly(uretiianes); 
poly(amides); cellulose etliers such as methyl cellulose, hydroxyethyl cellulose, 
hydioxypropyl methyl cellulose, Mid the like; cellulose esters such a." rellulose acetate, 
cellulose acetate phthalate, cellulose acetate butytate, and the like; poly (saccharides), 
proteins, gelatin, starch, gums, resins, and the like. These materials may be used alone, as 

30 physical mixtures (blends), oi as copolymers. The nucldc add delivery system can 

2 
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further comprise an adjuvant, preferably an aminoalkyl glucosaminide 4-phosphate 

(AGP). 

The nucleic acid delivery system of the inveation is particularly suited for delivery of 
DNA vacdnes. In prefened embodiments, the DNA encapsulated in the microspheres 
5 encodes an antigen associated with cancer or an infectious disease. In one embodiment, 
the antigen is derived from an endogenous antigen associated •with an autoimmune 
disorder. Examples of cancer include, but are not limited to, fibrosarcoma, 
myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, 
angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendothehosarcoma, 

10 synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon 
carcinoma, pancreatic cancer, breast cancer, ovanan cancer, prostate cancer, squamous 
cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous 
gland carcinoma, papillary caxcinoma, papillary adenocarcinomas, cystadenocardnoma, 
medullary carcinoma, bronchogenic caicinoma, renal cell carcinoma, hepatoma, bile duct 

15 carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical 
cancer, testicular tumor, lung c.iranoma, small cell limg carcinoma, bladder carcinoma, 
epithelial carcinoma, glioma^ astrocytoma, medulloblastoma, craniopharyngioma, 
ependymoma, pinealoma, hemangiobkstoma, acoustic neuroma, oliodendroghoma, 
meningioma, melanoma, neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple 

20 myeloma, Waldenstrom's macroglobulinemia, and heavy chain disease. One example of 
a cancer antigen is Her 2/neu, a breast cancer antigen. 

An antigen associated with an infectious disease may be derived from any of a variety of 
infectious agents, including a pathogen, virus, bacterium, fungus or parasite. E x amples 
of viruses include, but are not limited to, hepatitis type B or type C, influeu2a, varicella, 

25 adenovims, herpes simplex \irus type I or type II, rinderpest, rhinovirus, echovirus, 
rotavirus, respiratory syncytial virus, papilloma virus, papova virus, cytomegalovirus, 
echinovims, arbovirus, huntavims, coxsachie virus, mumps virus, measles virus, rubella 
virus, polio virus, human immunodefiaency virus type I or type II. Examples of bacteria 
include, but are not Imiited to, M. (ubermiosts, mycobacterium, mycoplasma, neisseria and 

30 legionella. Examples of parasites include, but are not limited to, nckettsia and chlamydia. 
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One example of an infectious disease antigen is TbH9 (also known as Mtb39A), a 
tuberculosis antigen. Other tuberculosis antigens include, but are not limited to, DPV 
(also known as Mtb8.4), 38-1, Mtb41, Mtb40, Mtb32A, Mtb9.9A, Mtb9.8, Mtbl6, 
Mtb72f, Mtb59f, MtbSBf, MtbVlf, Mtb46f and Mtb31f ("f ' indicates that it is a fusion or 
5 two or more proteins). 

The invention further provides a method for encapsulating nucleic acid molecules in 
microspheres. The method comprises dissolving a polymer in a solvent to form a 
polymer solution; adding an aqueous solution containing nucleic add molecules to the 
polymer solution to form a primary emulsion; homoge niynn g the pnmary emulsion; 

10 mixing the primary emulsion with a process medium comprising a stabili2er to form a 
secondary emulsion; and extracting the solvent from the secondary emulsion to form 
microspheres encapsulating nucleic acid molecvdes. Typically, these method steps ate 
carried out on ice, preferably maintaining a temperature that is above freezing and below 
37°C. In one embodiment, the solutions and media are maintained at about 2°C to 

1 5 about .35°C. In another cmboditncnt, the solutions and media are maintained at about 

4"C to about 25"C, Keeping the materials below il^C during the pnmary and secondary 
emulsion stages of microsphere preparation can reduce nicking of the DNA. Preserving 
more of the DNA in a supercoiled form facilitates more efficient ttansfection of cells. 
The method can further comprise subsequent steps of washing, freezing and lyophilizing 

20 the microspheres. 

In a preferred embodiment, the polymer comprises PLG. In some embodiments, the 
PLG can include ester end groups or carboxyhc add end groups, and have a molecular 
weight of from about 4 kDa to about 120 kDa, or preferably, about 8 kDa to about 65 
kDa. The solvent can comprise, for example, dichloromethane, chloroform, or 

25 ethylacetate. In some embodiments, the polymer solution further comprises a cationic 
Upid and/or an adjuvant, such as MPL. Examples of stabilizers include, but are not 
limited to, carboxymethylcellulose (CMC), polyvinyl alcohol (PVA), polyvinyl 
pyrrolidone (PVP), or a mixture thereof The stabilizer can optionally further comprise a 
cationic lipid. In some enibodnneiits, the stabilizer comprises from about 0 to about 

30 10% of the process medium, oi preferably, about 1% to about 5% of the process 
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medium. In some embodiments, the solvent comprises an internal water volume of &om 
about 0.001% to about 0.5%; and/or the aqueous solution comprises an ethanoi content 
of &om about 0% to about 75% (v/v). 

The nucleic add molecule preferably comprises DNA. In one embodiment, the aqueous 
5 solution comprises about 0.2 to about 12 mg/ml DNA. The aqueous solution can 
optionally further comprise a stabilizer, such as BSA, HSA, or a sugar, or an adjuvant, 
such as QS21. In one embodiment, the DNA comprises a plasmid of about 2 kb to 
about 12 kb, preferably, about 3 kb to about 9 kb, 

Preferably, at least 50% of the DNA retains a supercoiled formation through the 
10 extraction step, more preferably through any subsequent steps, such as lyophilization. 
Also preferred is a method wherein the encapsulation efficiency is at least about 40%, 
and/or wherein the microspheres release at least about 50% of the nucleic acid 
molecules within about 7 days of contact with the desired delivery environment, such as 
an aqueous environment at M°C.. In a more preferred embodiment, the microspheres 
IS release at least abuui 50 ji liic !iuclci(„ a.^id iiiolecuies within about 4 days. Also 

preferred is a method wherein at least about 90% of the microspheres are from about 1 
una to about 10 \ixa.. 

The invention additionally provides a composition comprising nucleic add molecules 
encapsulated in microspheres produced by a method of the invention. Preferably, the 

20 composition further compdses an adjuvant, such as an aminoalkyl glucosamimde 4- 

phosphate (AGP). Also provided axe a method for delivering a nucldc add molecule to 
a subject, a method for ehciting an unmune response in a subject, and a method for 
treating and/or protecting agauist cancer or infectious disease in a subject. These 
methods comprise adrmiusLermg to tiic subject a nucleic acid delivery system or a 

25 composition of the invention. 

The invention further piLMiJti an aJjuvaiit for modulating tlit immunustimulatory 
efficacy of microsphrro<5 mrap-'ibting nnrlrir arid moleoiles comprising an aminnalkyl 
glucosarcdnide 4-phosphate (AGP). In a preferred embodiment, the AGP comprises an 
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aqueous formulation. Examples of AGP adjuvants mclude, but are not limited to, 517, 
527, 547, 557 and 568. The invention also provides a method for modulatmg the 
imm nnnstimnlatnry efficacy of miciospheies encapsulating nucleic acid molecules. The 
method comprises administering an AGP as an adjuvant to administration of 
5 microspheres encapsulating nucleic acid molecules. The AGP can be administered 
simultaneously •with the microspheres, or before or after administration of the 
microspheres, 

BRIEF DRSCRlFnON OF THF. FIGURES 

Figure 1 is a scanning electron micrograph illustrating the small and porous nature of 
10 DNA microspheres of the invention. In addition to porosity, the microspheres have 
a high surface atea to volume ratio and a short chaiacteristic length of diffusion, 
facilitating relatively rapid release of encapsulated DNA over 10 days. Bar 
represents 5 |im; magnification at 3,000x. 

Figure 2 is a graph depicring f- pica! nr.rtirle Mze distribution of DNA microsphere^ 
15 formulated in accordance with the invention. The microspheres range from 1-10 ^im 
in diameter, making them well-suited to be phagocytosed by antigen presenting cells. 

Figure 3A is a graph showing encapsulation efficiency as a function of the amount of 
DNA (in mg) used in a microsphere formulation. 

Figure 3B is a graph showing core-loading of microspheres as a function of the 
20 amount of DNA (in mg) used in die formulation. The linear increase in core-loading 

with increasing DNA amount suggests that encapsulation efficiency may remain 
essentially constant at approximately 72%. At a core-loading of approximately 1.2%, 
the microspheres become saturated with DNA such that adding greater amounts of 
DNA results m lower encnpsuktion efficiencies. 

25 Figure 4 shows the results of an agarose gel electrophoresis of unencapsulated DNA 
(lane 2) and ot DNA exti^ideJ fiuia PLC ruictuspheres (lanes 3-8). Lane 1 contanii 
molecular weight markers. Ivfi-uii:-.! nicking (upper bands) of the DNA occurred 
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during microsphere piepaiadon. Specifically, 81% (±3%) of the supercoiled conteat 
of the initial DNA was retained after encapsulation and extraction as determined by 
densitotQetdc analysis 89% of the naked DNA and 72% of the encapsulated- 
extracted DNA were in the supercoiled state. 

5 Figure 5 is a graph showing DNA release kinetics using microspheres of the 

invention over the. course of 10 days. Data are plotted as percent DNA release as a 
function of time in days. The microsphere formulation released the DNA relatively 
rapidly, with neatly all of the DNA released by day 10. Such rapid release kinetics 
are advantageous over slow release (e.g., 30+ days) due in part to the degradation of 
10 DNA within microspheres over extended periods of time. 

Figure 6 is a giaph showiag cytolytic activity of cultured T cells from mice given three 20 
p,g immunizations at two-week intervals of encapsulated Her-2/neu DNA resuspended 
in PBS. Cytolytic activity was measured using a standard ^^Cr assay. Data are plotted as 
percent lysis as a function of effcctor:target ratio, Mice were immunized Lp. (circles), 
15 i.m. (tnangles), or s.c. (squares), i-illed and open symbols represent speatic and oon- 

spedfic targets, respectively. Each group contained five mice, and average responses are 
shown. Both i.p. and i.m. immunizations consistently gave better responses, while s.c. 
immunizations typically resulted in weaker responses. 

Figure 7 is a graph showing cytolytic activity of cultured T ceils from mice given a single 
20 10 |ig dose of TbH9 DNA I.m. Cytolytic activity was measured using a standard ^IQ 
assay. Data are plotted a^ percent specific lysis as a function of effector:target ratio. 
Mice received DNA microspheres alone (lower circles), DNA microspheres plus 10 |J.g 
of an AGP adjuvant (lines iiiaiked 517, 527, 547 and 568), naked DNA (lower squares), 
or saline (lower triangles). Each group contained four mice, and average responses are 
25 shown. Under this sub optimal imni'jnization schedule (i.e., 1 x 10 |ig immunization 
with PBS as the buffer), the gTnnp<; of mire imiTnir!i7e,d with either naked DNA nr with 
microencapsulated DNA alone failed to p;enerate a substantial CTL response. In 
contrast, mice immunized with microspheres in combination with AGP- 568, 517, or 547 
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were able to generate strong CTL responses. AGP-527 appeared to be inhibitory in this 
assay. 

Figures 8A-D show the tnolecular structures of aminoalkfl glucosaminide 4- 
phosphates (AGPs) evaluated in conjunction with DNA miciospheies. These 
synthetic molecules were prepared using an enantioselective process. 

Figure 9 is a graph showing cytolytic activity of cultured T cells from mice given a single 
10 Jig dose of TbH9 DNA resuspended in either PBS (triangles) or sodium chloride fcee, 
isotonic phosphate buffer (circles). Squares represent mice immunized with saline. 
Cytolytic actrdty was measured using a standard ^^Cr assay. Data are plotted as percent 
specific lysis as a function of effector:target ratio. Each group contained four mice, and 
average responses are shown. Under this sub-optimal immunization schedule (i.e., 1x10 
jig immunization), the group of mice immunized with microencapsulated DNA 
dispersed in PBS failed to generate a substantial CTL response. In contrast, mice 
immunized with microspheres dispersed m isotonic phosphate buffer (i.e., sodium 
chloride free) generated strong C'IIj responses. 

Figure 10 is a bar graph showing IFN-gamma secretion (in pg/ml) in response to in vitro 
stimulation with recombinant TbH9, assayed using splenocytes harvested &om mice 3-4 
weeks following immunization widi TbH9 DNA encapsulated in PLG microspheres 
widi AGP. 

20 Figure 11 is a graph showing mean CTL activity after a single in vitro stimulation with 
EL-4 cells stably expressing die TbH9 gene of splenocytes harvested from mice 
immunized with TbH9 DNA encapsulated in PLG microspheres to which AGP was 
added. The graph shows mean specific lysis as a function of effector; target ratio for 
immunization conditions including saline (closed diamonds), naked DNA (dark squares), 

25 DNA-PLG (lower tiiajigles), and DNA-PLG plus AGP- 517 (light X's), 522 (asterisks), 
525 (circles), 527 (+'s), 529 [dashed hnc), 540 (-'sj, 544 (open diamonds), 547 (light 
squares), 55^ (upper triangl'.:,--;, ■ 'r ^"^8 {dark .X"'^) 



10 
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Figure 12A shows mean CTL actaity after a second in vitro sdmuktioa of splenocytes 
from mice mimmuzed with 'lbfl9 DNA-PLG alone (open squares), with AGP- 527 
(closed squares), 544 (dark diamonds), 557 (dosed circles), or with naked DNA (open 
circles) or saline (triangles), 

5 Figure 12B shows mean CTL activity after a second in vitro stimulation of splenocytes 
&om mice immunized with ItiH'; DNA-PLG with AGP- 517 (dosed squares), 547 (dark 
diamonds), 568 (dark triangles), or with naked DNA (X's). 

Figures 13A-B are graphs showing serum antibody titers to TbH9 of Rhesus macaque 
monkeys four weeks after a 3'^'^ immunization with TbH9, encapsulated in microspheres 
1 0 and administered intramuscularly (Figure 1 3A), or delivered as naked DNA via 

intradermal or inttamuscular routes (Figure 13B). The four lines depicted in each graph 
represent individual subjects. 

Figure 14 is a bar graph showong andgen-iaduced gamma intei-feron (IFN-y) production 
from monkey PBNfC at i wei-ks afrcr a '^^ tniinunizatjou with saline, recorabmant 'lbH9 
15 (rTbH9), naked DNA encoding Tbli9 or microspheres encapsulating DNA encoding 
TbH9. Individual bars represent individual subjects. 

Figures 15A-B are graphs shoumg monlcey CTL response at two months after a 3'^'' 
immunization with mictoencapsulated (Figure 15A) or naked (Figure 15B) DNA 
encoding TbH9, Percent specific lysis is plotted as a function of effectoritarget ratio. 
20 Circles represent TbH9 target ceUs. Conteol targets include non-infected cells (squares) 
and, as non-specific targets, EGFP (a fluorescent protein) cells (triangles). 

DBTAILED DESCR IPTION OF THE INVENTION 

The invention provides a nucleic acid delivery system that surprisingly offers, in one 
system, a combination of high encapsulation eflaciency, rapid release Idnetics and 
25 preservation of DNA m supercoiled torm. ibe nucleic aad dehvery system o£ the 
invention comprises nucieic uc;d niulccjies, such a« deoxyribonucleic acid (DNA), 
encapsulated in biodegradable microspheres. Microspheres prepared in accordance with 

9 
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the invention have been shown to release more than 33% of their contents after 48 hours 
in vitro at 37°C, more than 50% after 4 days, and more than 70% after 7 days. In 
addition, these microspheres have an encapsulation efficiency of about 40 to about 80%, 
while retaining a high ratio of supercoiled to nicked DNA. The microsphetes of the 
5 invention are about 1 to about 10 |im in diameter. Microspheres in this size range are 
well-suited to be phagocytosed by antigen-presenting cells, leading to effective T cell 
stimulation. The nucleic acid dehvery system of the invention can be used to deliver 
nucleic acid molecules encoding one or more antigens of interest for the ehcitation of an 
immune response in a subject. 

10 The invention further provides an adjuvant for modulatihg the immionostimulatory 

efficacy of tnicrospheres encapsulating nucleic acid molecules. The adjuvant comprises 
an aroinoalkyl glucosanainide 4-phosphate (AGP), which provides a strong cellular 
immtme response to an antigen encoded by DNA encapsulated in microspheres. The 
invention also provides a method for modulating the immnnn';rifnn1atnry efficacy of 

15 microspheres encapsiiknns, va.cXcxc acid mole.Ailcs Tlif. method comprises 

administermg an AGP as an adjuvant to administration of microspheres encapsulating 
nucleic acid molecules. 

Definitions 

All scientific and technical terms used in this application have meanings commonly used 
20 in the art unless otherwise specified. As used in diis application, the following words or 
phrases have the meanings specified. 

The term "nucleic acid" or "polynucleotide" refers to a deoxyribonucleotide or 
ribonucleotide polymer in either single- or double-stranded form, and unless otherwise 
limited, encompasses known analogs of natural nucleotides that hybridize to nucleic 
25 acids in a manner similar to naturally occurring nucleotides, 

As used herein, "immune rrspon.se" includes the production of antibodies, production of 
immunomodulators such as il'Nl y, and induction of CTL activity'. Ihe elicitation of an 

10 
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immune respoose includes die uudadon, stimulation or enhancement of an immune 
response. 

As used herein, to "prevent" or "protect against" a condition or disease means to hinder, 
reduce or delay the onset or progression of the condition or disease. 

5 As used herein, "antigen-presenting cell" or "APC" means a cell capable of handling and 
presenting antigen to a lymphocyte. Examples of APCs include, but are not limited to, 
macrophages, Langerhans-dendiitic cells, follicular dendritic cells, B cells, monocytes, 
fibroblasts and fibiocytes. Dendritic cells are a preferred type of antigen presenting cell. 
Dendritic cells are found in many non-lymphoid tissues but can migrate via the afferent 
10 lymph or the blood stream to die T-dependent areas of lymphoid organs. In non- 
lymphoid organs, dendritic cells include Langerhans cells and interstitial dendritic cells. 
In the lymph and blood, they include afferent lymph veiled cells and blood dendritic 
cells, respectively. In lymphoid organs, they include lymphoid dendritic ceDs and 
mterdigitating ceUs. 

15 As used herein, "modified" to present an epitope refers to antigen-presenting cells 
(APCs) that have been manipulated to present an epitope by natural or recombinant 
methods. For example, the APCs can be modified by exposure to the isolated antigen, 
alone or as part of a mbcture, peptide loading, or by genetically modifying the APC to 
express a polypeptide that includes one or more epitopes. 

20 As used herein, "pharmaceudcilly acceptable salt" refers to a salt that retains the desired 
biological activity of the parent compound and does not impart any undesired 
toxicological effects. Examples of such salts include, but are not hmited to, (a) acid 
addition salts formed with moigamc acids, for example hydrochloric add, hydrobromic 
acid, sulfuric add, phosphoric acid, nitric acid and the like; and salts formed with organic 

25 aads such as, for example, acetic acid, oxaUc aad, tartaric aad, succinic aad, maldc add, 
furmaric add, gluconic .icid, ciixic aciu, malic acid, ascorbic add, benzoic acid, tanmc 
arid, pamnir and, alginir arid, pr,Iyp;h]tamir add, naphthalenesulfonic adds, 
naphthalenedisulfomc adds, polyp^alacturonic add; (b) salts with polyvalent metal cations 

11 
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such as zinc, calcium, bismutli, baiium, magnesium, aluminum, copper, cobalt, nickel, 
cadmium, and the hke; or (c) sails formed with an oxganic cation formed from N,N'- 
dibenzylethylenediamine or etliylenediamine; or (d) combinations of (a) and (b) or (c), 
e.g., a zinc tannate salt; and the Uke. The preferred acid addition salts ate the 
5 tnfluoroacetate salt and the acetate salt 

As used herein, "pharmaceuacally acceptable carrier" includes any material which, when 
combined with an active ingredient, allows the ingredient to retain biological activity and 
is non-reactive with the subject's immune system. Examples include, but are not limited 
to, any of the standard pharmaceuucal carriers such as a phosphate buffered saline 
10 solution, water, emulsions such as oil/water emulsion, and various types of wetting 

agents. Preferred diluents for aerosol or parenteral adininisttatioa are phosphate buffered 
sahne or normal (0.9%) saline. 

Compositions comprising such carrieis are formulated by well known conventional 
methods (see, for example, Reminp;ton's Pharmaceutical Sciences, Chapter 43, 14th Ed., 
15 Mack Publishing Co, Easton PA 18042, uSA). 

As used herein, "adjuvant" includes diose adjuvants commonly used in the art to 
facilitate the stimulation of an immune response. Examples of adjuvants include, but are 
not limited to, helper peptide; akiminum salts such as aluminum hydroxide gel (alum) or 
aluminum phosphate; Freund's Incomplete Adjuvant and Complete Adjuvant (Difco 

20 Laboratories, Detroit, MI); Meick Adjuvant 65 (Merck and Company, Inc., Rahway, NJ); 
AS-2 (Smith-ICline Beecham).; QS-21 (Aquilla); MPL™ immunostimulant or 3d-MPL 
(Cotixa Corporation); LEIF; salts of calcium, iron or zinc; an insoluble suspension of 
acylated tyrosine; acylated sugars; cntionically or anionically derivatized polysaccharides; 
polyphosphazenes; biodegradaljie microspheres; monophosphoryl lipid A and quil A; 

25 mutamyl tnpeptide phosphatidyl ethanokmine or an immuno stimulating complex, 

including cytokines (e.g., GM-CSF or iiiterleukin-2, -7 or -12) and immunos rim i ila tory 
DNA sequences. In some embodunents, such as with the use of a polynucleotide 
vaccme, an adjuvant such as a hcipei peptide or cytokine can be provided via a 
polynucleotide encoding tiic adjuvant. 
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As used herein, "a" ot "an" mc.-ins at least one, unless dearly indicated otterwise. 
Nucleic Add Delivery Systems 

The iavention provides a aucleic acid delivery system comprising deoxyribonucleic acid 
(DNA) encapsulated in biodegradable microspheres. In a preferred embodiment, at least 
5 50% of the DNA in the microspheres comprises supercoiled DNA, and at least 50% of 
the DNA is released from the microspheres after 7 days at about 37°C. In some 
embodiments, at least 70% of die DNA is released from die microspheres after 7 days at 
about 37°C. Preferably, the microspheres have an encapsulation efficiency of at least 
about 40%. In one embodiment, at least about 90% of the miciosphetes are about 1 to 
10 about 10 lim in diameter. Microspheres in diis size range are well-suited to be 
phagocytosed by antigen-presenting cells, leading to effective T cell stimulation. 

The microspheres of the invendon preferably comprise a biodegradable polymer, such as 
poly(lacto-co-glycolide) (PLG), poly(lactide), poly(caprolactone), poly(hydroxybutyrate) 
and/i)r copolymers dicxeof- .M-L:iiiati\ cly, die mictospheies can comprise another wall 

15 forming material. Suitable wall- forming materials include, but are not limited to, 

poly(dienes) such as poly (butadiene) and the like; poly(alkenes) such as polyethylene, 
polypropylene, and the Hlce; pol7(acrylics) such as poly(acrylic acid) and the like; 
poly(methacrylics) such as poly(methyl methacrylate), poly(hydroxyethyl methacrylate), 
and the like; poly(vinyl ethers); poIy(vinyl alcohols); poly(vinyl ketones); poly(vinyl 

20 hahdes) such as poly (vinyl chloride) and die Uke;, poly(vinyl nittiles), poly(vinyl esters) 
such as poly(vinyl acetate) and die hke, poly(vinyl pyridines) such as pol7(2-vinyl 
pyridine), poly(5-methyl-2-vinyl pyndine) and the like; poly(styrenes); poly (carbonates); 
poly(esters); poly(orthoestcrsl; poly(estcramides); poly (anhydrides); poly(urethanes); 
poly(amides); cellulose ethers such as methyl cellulose, hydroxyethyl cellulose, 

25 hydroxyptopyl methyl cellulose, and die Uke; cellulose esters such as cellulose acetate, 
cellulose acetate phthalate, cellulose acetate butyrate, and the like; poly(saccharides), 
proteins, gelatin, starch, gums, resins, and the like. These materials may be used alone, as 
physical mixtures (blends), or as copolymers. The nucleic acid delivery system can 
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further comprise an adjuvant, preferably an aminoalkyl glucosaminide 4-phospliate 
(AGP). 

Mictospkete F nfmnlation 

The invendoQ provides a method for encapsuktiiig nucleic add molecules in 
5 microspheres. The method comprises dissolving a polymer m a solvent to form a 

polymer solution; adding an aqueous solution containing nucleic acid molecules to the 
polymer solution to form a primary emulsion; homogenizing the primary emulsion; 
mixing the primary emulsion widi a process medium comprising a stabilizer to form a 
secondary emulsion; and extracting the solvent from the secondary emulsion to form 
10 microspheres encapsiilating nucleic add molecules. Typically, these method steps are 
carried out on ice, preferably maintaining a temperature that is above fteezing and below 
37°C. In one embodiment, the solutions and media are maintained at about 2°C to 
about 35°C. In another embodiment, the solutions and media are maintained at about 
4°C to about 2^°C. Keeping the materials below 37°C during the primary and secondary 
15 emulsion stages of nucro.spheif, prt;[);i.ratioiL can reduce mciong ot the DNA. Preserving 
more of the DNA in a supercoiled form facilitates more efficient transfection of ceUs, 
The method can further comprise subsequent steps of washing, freezing and lyophilizing 
the microspheres. 

In a preferred embodiment, tlie polymer comprises PLC In some embodiments, the 
20 PLG can include ester end groups or carboxylic acid end groups, and have a molecular 
weight of from about 4 kDa to about 120 kDa, or preferably, about 8 kDa to about 65 
IcDa. The solvent can comprise, for example, dichlotomethane, chloroform, or 
ethylacetate. In some embodiments, the polymer solution further compnses a canonic 
lipid and/or an adjuvant, such iis AlPL. Examples of stabilizers mdude, but are not 
25 hmited to, carboxymedaylceliulose (CMC), polyvinyl alcohol (PVA), polyvinyl 

pyrrolidone (PVP), or a mixture thereof. The stabilizer can optionally further comprise a 
catiomc Upid. In some enil)()cUincins, tlie stabilizer compnses from about 0 to about 
10% of die process medium, or picicrably, about 1% to about 5% of the process 
medium. In some embodinjcnrs, the solvent comprises an internal water volume of from 

14 
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about 0.001% to about 0.5%; and/ or the aqueous solution comprises an ethanol content 
of frotn about 0% to about 75% (v/V). 

The nucleic add molecule preferably comprises DNA. In one embodiment, the aqueous 
solutioii comprises about 0.2 to about 12 mg/ ml DNA. The aqueous solution can 
5 optionally further comprise a stabilizer, such as BSA, HSA, or a sugar, or an adjuvant, 
such as QS21. In one embodiment, the DNA comprises a pksmid of about 2 kb to 
about 12 kb, preferably, about 3 kb to about 9 kb. 

Preferably, at least 50% of the DNA retains a supercoiled formation through the 
extraction step, more preferably through any subsequent steps, such as lyophilization. 

10 Also preferred is a method wheiem the encapsulation efficiency is at least about 40%, 
and/or wherein the microspheres release at least about 50% of the nucleic acid 
molecules within about 7 days of contact with the desired delivery environment, such as 
an aqueous environment at 37°C. In a more preferred embodiment, the microspheres 
release at least about 50% of tlie nucleic acid molecules within about 4 days. Also 

1 5 preferred a method vvhciciii at itas: aoout 9U% of the microspheres are from about 1 
[im to about 10 ^m. 

Because water-soluble agents, such as nucleic add molecules, do not diffuse through 
hydrophobic wall-formmg materials such as the lactidc/ glycolide copolymers, pores must 
be created in the microsphere membrane to allow these agents to diffuse out for 

20 controlled-release applications. Seveial factors will affect the porosity obtained. The 
amount of agent that is encapsulated affects the porosity of microspheres. Obviously, 
higher-loaded microspheres (i.e., greater than about 20 wt %, and preferably between 20 
wt. % and 80 wt. %) will be more porous than microspheres containing smaller amounts 
ot agent (i.e., Icsa than about 20 wt. °/u) because more regions of drug are present 

25 throughout the microspheres. The ratio of agent to waU-forming materia] that can be 
incorporated into the mictospheies can he as low as 0.1% to as high as 80%. 

The solvent used to dissclvf thf wr.U forming material will also affect the por(<sity of the 
membrane. Microspheres prepared from a solvent such as ethyl acetate will be more 

15 
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porous than microspheres prepared from chloroform. This is due to the higher solubility 
of water in ethyl acetate than in chloroform. More specifically, during the emulsion step, 
no solvent is removed from tlie microdroplets because the process medium is satutated 
with solvent Water, however, can dissolve in the solvent of the microdroplets duriiig the 
5 emulsion step of the process. By selecting the appropriate solvent or cosolvents, the 
amount of continuous process medium that will dissolve in the microdroplets can be 
controlled, which will affect the final porosit)' of the membrane and the internal structure 
of the microspheres. 

Another factor that will affect the porosity of the membrane is the iiutial concentration 
10 of the wall material/excipient in tlie solvent. High concentrations of wall material in the 
solvent result in less porous membranes than do low-concentrations of wall 
material/excipient. Also, high concentrations of wall material/excipient in the solvent 
improve the encapsulation efficiency of water-soluble compounds because the viscosity 
of the solution is higher. Generally, the concentcation of wall-forming material/ excipient 
15 in the solvent will range from -M-iovA V"-. to ;ibnut 40%, depending on the 

physical/ chemical properties of die wall material/excipient such as the molecular weight 
of the wall-forming material and the solvent used. 

Com^positiQns 

The invention provides compositions that are useful for delivering nucleic add 
20 molecules. The nucleic acid molecules can include those encoding antigens associated 
with cancer or infectious di.sease, providing compositions for treating and preventing 
cancer or infectious disease. Tn one embodiment, the composition is a pharmaceutical 
composition. The composition can comprise a therapeutically or prophykcrically 
effective amuuut of a polyiiui-leoude, recombmant virus, APC or immune cell that 
25 encodes or presents one or more antigens associated with cancer or infectious disease. 
An effective amount is an amount sufGcient to elicit or augment an immune response, 
e.g., by activating T cells. One measure of the activation of T cells is a cytotoxicity assay 
or an mterferon-gamma release assay, as described in the examples below. In some 
embodiments, the composiiion is a vaccine. 
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In some embodiments, the condition to be treated or pre:vented is cancer or a 
precancerous condition (e.j^., hyperplasia, metaplasia, dysplasia). Examples of cancer 
include, but are not limited to, Gbrosarcoma, myxosarcoma, liposaicoma, 
chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma, endothcliosarcoma, 
5 lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's 
tumor, leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast 
cancer, ovatian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma, 
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary 
carcinoma, papillary adenocarcinomas, cystadenocatdnoma, medullary carcinoma, 

10 bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, 

choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, 
testicular tumor, lung carcinoma, smaU cell lung carcinoma, bladder carcinoma, epithelial 
carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma, 
pioealoma, hemangioblastoaia, acoustic neuroma, oHodendroglioma, meningioma, 

15 melanoma, neuroblastoma, ictuioblastoma, leukemia, lymphoma, multiple myeloma, 
Waldenstrom's macrogiobuiiiiciiua, u-iia heavy cliain .iisease. 

In some embodiments, the condtrion to be treated or prevented is an infectious disease. 
Examples of infectious disease include, but are nothmited to, infection vrith a pathogen, 
virus, bacterium, fungus or parasite. Examples of viruses include, but are not limited to, 

20 hepatitis type B or type C, influenza, varicells, adenovirus, herpes simplex virus type I or 
type n, rinderpest, rhinovkus, echovirus, rotavims, respiratory syncytial virus, papilloma 
virus, papova vims, cytomegalovkus, ecliinovitus, arbovirus, huntavirus, coxsachie virus, 
mumps virus, measles virus, rubella vims, poHo virus, human immunodeficiency vims 
type I or type U. Examples of bactena include, but are not limited to, M. iuberculom, 

25 mycobacterium, mycoplasma, oci-^sfi ia and legionella. Examples of parasites indude, but 
are cot limited to, tickettsia and chlamydia. 

The composition can opdLr..-.:!v I' ldr a '.;arrier, such as a pharmareutically acceptable 
carrier- Pharmaceuticallv arc-oprah!e carriers are determined in part bv the particular 
composition being administered, as well as by the particular method used to a dmini ster 
30 the composition. Accordingly, there is a wide variety of suitable formulations of 
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phannaceutical cotnpositions of the present invention. Formulations suitable for 
parenteral administraGon, such as, tot example, by intraarticular (in the joints), 
intravenous, intramuscular, mtradcrmal, intraperitoneal, and subcutaneous routes, and 
carriers include aqueous isotonic sterile injection solutions, which can contain 
5 antioxidants, buffers, bacteriostats, and solutes that render the formulation isotonic with 
the blood of the intended recipient, and aqueous and non-aqueous sterile suspensions 
that can include suspending agents, solubilizers, thickening agents, stabilizers, 
preservatives, liposomes, microspheres and emulsions. 

The composition of the invention can further comprise one or more adjuvants. 
10 Examples of adjuvants include, but are not limited to, helper peptide, alum, Freund's, 
muramyl tripeptide phosphatidyl cthanolatnine or an immunostimulating complex, 
including cytokines. In some embodiments, such as with the use of a polynucleotide 
vaccine, an adjuvant such as a helper peptide or cytokine can be provided via a 
polynucleotide encoding die adjuvant. A preferred adjuvant is AGP. 

Is Vaccine preparation is genei.;Liy desciiDcd m, tor example, M.h. Fuwcll and M.J. 

Newroan, eds., "Vaccine Design (tlie subunit and adjuvant approach)," Plenum Press 
(NY, 1995). Pharmaceutical compositions and vaccines within the scope of the present 
invention may also contain other compounds, which may be biologically active or 
inactive. 

20 Biodegradable microspheres (e.g., polylactate polyglycolate) for use as carriers are 

disclosed, for example, in U.S. Patent Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128; 
5,820,883; 5,853,763; 5,814,344; 5,407,609; and 5,942,252; die disclosures of each of 
which are incorporated herein by reference. In particular, these patents, such as U.S. 
Patent No. 4,897,268 and 5,407,609, describe die production of biodegradable 

25 microspheres for a variety < >£ uses, but do not teach the optimization of microsphere 
formulation and characteristics for DNA delivery, 

Such compositions may ol-n mn-nn^r- hnffer^ 'e.p^., ncuftfl! buffeted saline or phosphate 
buffered saline), catbohyclnitcs (e.g., glucose, mannose, sucrose or dextrans), mannitol, 

18 
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proteins, polypeptides or amino acids such as glycine, antioxidants, chelating agents such 
as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide) and/or preservatives. 
Alternatively, compositions of the present invention may be formulated as a lyophili2ate. 
Compounds may also be encapsulated within Uposomes using weD kno-wn technology. 

5 Adjuvants 

The invention fiirther provides adjuvants for use with DNA vaccines, particukily for use 
with DNA vaccines encapsulated in biodegradable microspheres. Such adjuvants 

comprise an aminoalkyl glucosaniinide 4-phosphate (AGP), such as those described in 
pending U.S. patent application serial numbers 08/853,826 and 09/074,720, the 
10 disclosures of which are incorporated herein by reference in their entireties. 

Compositions of the invention can include an AGP adjuvant and/ or additional 
adjuvants. Most adjuvants contain a substance designed to protect the antigen from 
rapid catabolism, such as aluminum hydioxide or mineral oil, and a stimulator of immune 
responses, such as lipid A. ^.otfatima Nm-s!' or Mycohacttnum tuhmt/ksir derived proteins 

1 5 Suitable adjuvants are coinixieicially available as, for example, Freund's Incomplete 

Adjuvant and Complete Adjuvant (Difco Laboratories, Detroit, Ml); Merck Adjuvant 65 
(Merck and Company, Inc., Rahway, NJ); aluminum salts such as aluminum hydroxide 
gel (alum) or aluminum phosphate; salts of calcium, iron or zdnc; an insoluble suspension 
of acylated tyrosine acylated sugars; catioiiicaily or anionicaUy derivatized 

20 polysaccharides; polyphosphazenes biodegradable microspheres; monophosphoryl lipid 
A and quil A. Cytokines, such as GM CSF or interleuldn-2, -7, or -12, may also be used 
as adjuvants. 

Within the vaccmes provided herein, the adjuvant composition is preferably designed to 
induce an immune response predominantly of the Thl type. High levels of Thl-type 
25 cytokines (e.g., IFN-y, IL -i ana IL-lz) tend to favor the induction of cell mediated 
immune responses to an .iJii;i:i:.>tc.cJ antigen. In contrast, high levels ofTh2-type 
cytokines (e.g.,, TT,-S, TT -6 IT -1 0 and TNF-p,) rend m favor thr induction of 
humoral immune respon.ses. Following application of a vaccine as provided herein, a 
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patient \vill support an immune response tliat includes Thl- and Th2-type responses. 
Within a preferred embodimeat, m winch a response is predommantly llil-type, the level 
of Thl-type cytokiiies -will increase to a greater extent than the level of Th2-t7pe 
cytokines. The Levels of these c)'tokines may be readily assessed using standard assays. 
5 For a review of the families of cytokines, see Mosmann and Cof&nan, 1989, Arm. Rev. 
Immunol 7:145-173. 

Preferred adjuvants for use in eliciting a predominantly Thl-type response include, for 
example, a combination of tnonophosphoryl Hpid A, preferably 3-de-O-acylated 
monophosphoryl lipid A (3D-I\1PL), together with an aluminum salt MPL adjuvants are 

10 available &om Ribi ImmunoChem Research Inc. (Hamilton, Ml) (see US Patent Nos. 
4,436,727; 4,877,611; 4,866,034 and 4,912,094). CpG-containing oligonucleotides (in 
which the CpG dinucleotide is unmetliylated) also induce a predominantly Thl response. 
Such oligonucleotides are well known and are described, for example, in WO 96/02555. 
Another preferred adjuvant is a saponin, preferably QS21, which may be used alone or in 

IS combination with other aJ.juv.iiits. F(,r example, an enhanced system involves the 
combination of a monophosphoryl lipid A and sapomn derivative, such as the 
combmation of QS21 and 3n-MPL as described in WO 94/00153, or a less reactogenic 
composition where the QS21 is quenched with cholesterol, as described in WO 
96/33739. Other preferred iormulaiions comprises an oil-m-water emulsion and 

20 tocopherol. A pardcularly pulcni adjuvant iormubtion involving QS21, 3D-MPL and 

tocopherol in an oil-m-water emulsion is described m WO 95/17210. Another adjuvant 
that may be used is AS-2 (Saudi- Kliiie Beecham). Any vaccine provided hereia may be 
prepared using well known methods that result in a combination of antigen, immun e 
response enhancer and a suitable carrier or excipient. 

25 The compositions described herein may be administered as part of a sustained release 

formulation (i.e., a formulaton ,vach as a capsule or sponge that effects a slow release of 
compound following adminlsn-at1(1Il^ Surh formulations may generally be prepared using 
well known technology and administered by, for example, oral, rectal or subcutaneous 
implantation, or by implantation at the desired target site. Sustained-release formulations 

30 may contain a polypeptide, polvnucleotide or antibody dispersed in a earner matrix 

20 
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and/or contained within a reservoir surrounded hy a rate controlling membrane. Carriers 
foi use -within such formulations are biocompatible, and may also be biodegradable; 
preferably the fotmulation provides a relatively constant level of active component 
release. The amount of active compound contained within a sustained release 
5 formulation depends upon the site of implantation, the rate and expected duration of 
release and the nature of tlie condition to be treated or prevented. 

Methods 

The invention provides a method for delivering a nucleic acid molecule to a subject The 
invention additionaJly provides a method for eliciting an immune response in a subject, 

10 and a method for treating and/or protecting against cancer or infectious disease in a 
subject. The method comprises administering to the subject a nucleic add delivery 
system or a composition of the invention. Administration can be performed as described 
above. In one embodiment, the cancer is breast cancer. In this embodiment, a preferred 
uudeic acid delivery system comprises a nucleic acid molecule encoding the breast cancer 

15 antigen, her2/neu. In ancuher cmbodrment, the infectious disease is tuberculosis, in tins 
embodiment, a preferred nucleic acid delivery system comprises a nucleic acid molecule 
encoding the tuberculosis antigen, 'l'bH9. 

The invention also provides a method for modulating the immuno stimulatory efficacy of 
microspheres encapsulating nucleic acid molecules. The method comprises 

20 administering an AGP as an adjuvant to administration of microspheres encapsulating 
nucleic add molecules. The AGP can be administered simultaneously with the 
microspheres, or before or after administration of the microspheres. The AGP may be 
encapsulated with the DNA inside the microspheres, mcluded in a composition with the 
microspheres, or administeicd ui a separate composition from the microspheres, in a 

25 typical embodiment of the metiiod of the invention, the AGP enhances the immune 
response elidted by microspheres encapsulating nudeic add molecules. 

A delivery vehicle of the invention :r.;i7 be cmp loved fitcilitate production of an 
antigea-spedfic immune response tiiat targets cancerous or infected cells. Certain 
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prefetred embodiments of tlie present invention use dendritic cells or progenitors 
thereof as antigea-presenUng cells ( Al^Cs). Dendntic cells are highly potent APCs 
(Banchereau and Steinman, Nature 392:245-251, 1998) and have been shown to be 
effective as a physiological adjuvant for eliciting prophylactic or therapeutic immunity 
5 (see Timmerman and Levy, Ann. Rev. Med. 50:507-529, 1999). In general, dendritic cells 
may be identified based on tlieir typical shape (stellate in situ, with marked cytoplasmic 
processes (dendrites) visible in vitro) and based on the lack of differentiation m a rk ets of 
B cells (CD19 and CD20), T cells (CD3), monocytes (CD14) and natural killer ceUs 
(CD56), as determined usuig standard assays. Dendritic cells tnay, of course, be 
10 engineered to express speciQc cell-surface receptors or ligands that are not commonly 
found on dendritic cells in vivo or ex vivo, and such modified dendritic cells are 
contemplated by the present invention. As an alternative to dendritic cells, secreted 
vesicles antigen-loaded dendritic cells (called exosomes) may be used within a vaccine 
(Zitvogel et al., 1998, Nature Med. 4:594-600). 

1 S Dendnnc ceLs and progfiiii' >i'- mav bt- ohrnined from peripheral blood, l)une niiurow, 
tumor-infiltratmg cells, pcritumoral assues infiltrating cells, lymph nodes, spleen, skin, 
umbilical cord blood or any otlier suitable tissue or fluid. For example, dendntic cells 
may be differentiated ex vivo by adding a combination of cytokines such as GM-CSF, 
IL-4, IL-13 and/or TOFa to cultures of monocytes harvested fcom peripheral blood. 

20 Altematively, CD34 posiui'e cells harvested fiom peripheral blood, umbilical cord blood 
or bone marrow may be differentiated into dendritic cells by adding to the culture 
medium combinations of GM~CSF, IL-3, TNFa, CD40 Hgand, LPS, flt3 Ugand and/ot 
other compound(s) that induce maturation and proliferation of dendritic cells. 

Dendritic cells are convemcutly Citcgonzed as "immature" and "mature" cells, which 
25 allows a simple way to discrmiinate between two well characterized phenotypes. 

However, this nomenclature shuold nut be cuusLtued to exclude all possible intermediate 
stages of differentiation. "!'!v.;::itu;;- '.!?ndritir ';ells are characterized as APC witii a high 
capacity for antigen uptake .md processing, which correlates with the high expression of 
Fey receptor, mannose receptor and DEC-205 marker. The mature phenotype is typically 
30 characterized by a lower expression of these markets, but a high expression of cell 
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sur&ce molecules responsible for T cell activation suck as class I and class II MHC, 
adhesion molecules (e.g., CD54 and CDl 1) and cosrimulatory molecules (e.g., CD40, 
CD80 and CD86). APCs may be combined widi a polynucleotide encapsulated in a 
microsphere of the invention such that the APCs can take up the DNA and express the 
5 polypeptide, or an immunogenic portion thereof, which is escpressed on the cell surface. 
Such transfection may take place ex mo, and a composition or vacciae comprisiag such 
transfected cells may then be used for therapeutic purposes, as described herein. 
Alternatively, a gene delivery vehicle that targets a dendritic or other antigen pieseatbg 
cell may be administered to a paUent, resulting m transfection that occurs tn vivo. In vivo 

10 and ex vivo transfection of dendritic cells, for example, may generally be performed using 
any methods known in die art, such as those described in WO 97/24447, or the gene 
gun approach descdbed by Mahvi et aL, 1997, Immunology and Cell Biology 75:456-460. 
Antigen loading of dendritic cells may be achieved by incubating dendritic cells ot 
progenitor cells with the encapsul.ited DNA or UNA. A dendritic cell may be pulsed 

1 5 with an immunological partner th.it provides T cell help (e.g., a earner molecule). 




Treatment includes prophylaxis and dierapy. Prophylaxis ot treatment can be 
accomplished by a single direct in)ection at a single time point or multiple time points. 
Administration can also be nearly simultaneous to multiple sites. Patients or subjects 
20 include mammals, such as human, bovine, equine, canine, feline, porcine, and ovine 
animals. Preferably, the patients or subjects are human. 

Compositions are typically administered in mvo via parenteral (e.g. intravenous, 
subcutaneous, and intranmsculai) or otlier uaditional direct routes, such as 
buccal/sublingual, rectal, oiiJ, nasal, lupicul, (such -as transdermal and ophthalmic), 
25 vaginal, pulmonary, intraaiterial, intraperitoneal, intraocular, or intranasal routes or 
directiy into a specific tissue. Intramuscular- administration is preferred. 

The dose administered to a jiadent, in the context of the present invention should be 
sufficient to effect a beneficial therapeutic response in the patient over time, or to inhibit 
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infection or disease due to infection. Thus, the cotnposition is administered to a patient 
in an atnount sufficient to elicit an effective unmune response to the specific antigens 
and/or to alleviate, reduce, cure or at least partially arrest or prevent symptoms and/or 
complications from the disease or infection. An amount adequate to accomplish this is 
5 defined as a "therapeutically effective dose." 

The dose will be determined by the activity of the composition produced and die 
condition of the patient, as well as the body weight or surface areas of the patient to be 
treated. The size of the dose also uill be determined by the existence, nature, and extent 
of any adverse side effects tliat accompany the administration of a particular composition 
in a particular patient. In determining the effective amount of the composition to be 
administered in the treatment or prophylaxis of diseases, the physician needs to evaluate 
the production of an immune response against the pathogen, progression of the disease, 
and any treatment-related toxicity. 

Compositions comprising immune cells are preferably prepared from immune cells 
obtamed from the subject to wiioii: Liu"; compusition will be adinimstered. Alternatively, 
the immune cells can be prepated from an HLA-compatible donor. The immune cells 
are obtamed from the subject or donor using conventional techniques known in the art, 
exposed to APCs modified to present an epitope of the invention, expanded ex vivo, and 
administered to the subject. Protocols for ex vivo therapy are described in Rosenberg et 
aL, 1990, New England J. Med. 9:570-578. 

Immune cells may generally be obtained in sufficient quantities for adoptive 
immunotherapy by growth in vitro, .is described herein. Culture conditions for expanding 
single antigen-specific effector cells to several bilHon m number with tetention of antigen 
recogmtion in vivo are well known m the art. Such iti vitro culture conditions typically use 
25 intermittent stimulation witli antigen, often iu the presence of cytokines (such as EL-2) 

and non-dividing feeder cells. As noted above, immunoteactive polypeptides as provided 
herem may be used to enijcli and i:ipjdly expand antigen-specific T ceil cultures in order 
to generate a sufficient nuir/ber of ceils tor immunotherapy. In particular, antigen- 
presenting cells, such as dendririr, m.icrophage, monocyte, fibroblast and/or B cells, may 

24 
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be pulsed with immunoreactive pol^^jeprides or transfected with one or mote 
polynucleotides using standard techniques well known in the art For example, antigen- 
presenting cells can be transfected with a polynucleotide having a promoter appropriate 
for increasing expression in a recombinant virus or other expression system. Cultuied 
5 effector cells for use in therapy must be able to grow and distribute widely, and to 

survive long term in vivo. Studies have shown that cultured effector cells can be induced 
to grow in mo and to survive long term in substantial numbers by repeated stimulation 
with antigen supplemented with IL-2 (see, for example, Cheever et al, 1997, 
Immunological Reviews IS"^:!??), 

10 Admmistration by many of the routes of administration described herein or otherwise 
known in the art may be accomplished simply by direct administration using a needle, 
catheter or related device, at a single time point or at multiple time points. 

EXAIVIPLES 

The following examples an- t.rr^--nt<'d to tllustrate the present invention and to assist one 
15 of ordinary skill m making and using the same. I'he examples are not intended in any 
way to otherwise limit the scope of tJie inveutjon. 

Example 1: DNA Encapsulated in PLG Microspheres Generates CTL Responses 

This example describes tiae formulation of a DNA PLG microsphere with desirable in 
ntro characteristics. Specifically, TIO [om diameter microspheres which were able to 

20 release dieir DNA contents over the course of a week were prepared using a process that 
resulted in a high encapsulation efficiency (60-80%) and high rate of retention of the 
DNA supercoiled state (70° j). Once these microspheres were found to generate 
cytotoxic T-lymphocyte (CTL) responses in mice to plasmids encoding protein antigens 
for both an infectious disease ( tuberculosis) and cancer, a series of experiments were 

25 performed to elucidate tlie factors responsible for generating the strongest and most 
consistent CTL re^sponses, IntTamuscular and intraperitoneal immunizations were the 
most efficaaous routes ot umnLuiization. The microsphere resuspension buffer was also 
found to be an important parameter, witli PBS inhibiting CTL responses relative to salt 

25 
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Eree buffer. In addition, several ainuioalk)'! glucosaminide 4-phosphates (AGPs) 
adjuvants -were found to enhance Cl'L responses in con)unction with diese DNA 
tnictospheres. 

5 Materials (& Methods 

PLG microspheres containing DNA encoding antigenic proteins were prepared using 
variations on the double emulsion technique (].H. Eldridge et al. Mol Immunol, 28:287- 
294, 1991; S. Cohen et al. Phann Res, 8:713-720, 1991). Speafically, pksmid DNA (10- 
30 mgs) in Ttis-EDTA buffer (10 mM; pH 8), 0.38 ml ethanol were combined and 

10 brought up to a volume of 5.1 ml using Tns EDTA buffer (10 mM; pH 8). This is the 
internal (water) phase. 1200 mg of poly(lactide-co-glycolide) polymer was dissolved in 
13.9 ml of dichloromethane (DCM) and put on ice. The internal aqueous phase was 
added to the PLG solution and mixed in a 30 ml syringe while still on ice using a 
Polytron tissue homogenizcr for 20 seconds to form the primary emulsion (water-in- dU). 

1 TViP "icrondar)' emulsion w:!'- j-icp.ivjd :>y :n;r.ling the primaf^• emiiLsion tc a beakcr 

containing 280 ml of 1.4% carbox)Tacdavlccllulose (w/v), or process medium, on ice, and 
mixing with a Silverson mixer for 75 seconds at 4500 rpm while still on ice. The 
secondary emulsion was diluted widi approximately five liters of MiliQ water, and mixed 
using an overhead stirrer for approximately 20 minutes in order to extract 

20 dichloromethane from, and to harden, the microspheres. 

The resulting microspheres were washed 2-3 times using MiHQ water and centrifugation. 
After washing, mannitol was added tot he concentrated microspheres, which were frozen 
and lyophilized. LyophiHzed microspheres were then assayed for their size distribution, 
DNA content (core-loading, from this value, the encapsulation efficiency was calculated), 
25 release kinetics, and the supercoUed content of the encapsulated DNA. 

Particle sizing was perfoniied usiue MIE li^'ht scatterint^. Core-loadings were determined 
by dissolving the mictospheres in uiediyleue chloride and extracting the DNA with 
aqueous buffer. DNA concentrations were then measured using the PicoGreen 
fluorescence assay. The forms of die plasmids were determined through digital u.v. unage 
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analysis of agarose gels. Two plasniids were iised in this study, one encoding a 
tuberculosis antigen, '11)H9, and tlie othei encoding the breast cancer antigen Her-2/neu. 

Mice were immunized with DNA microspheres dispersed m aqueous buffer. Several 
routes of admioistration, including i.m., i.p., and s.c, were examined by giviog the mice 
5 3x20 ng immunijzations two weeks apart. Previous work had shown that multiple 

immunizations and higher doses ot encapsulated DNA yielded stronger CYL responses. 
The combination of microspheres with select amiaoalkyl glucosaminide 4-phosphates 
adjuvants was investigated by usmg a sub-optimal immunziation schedule — a single 10 
fig dose of encapsulated DNA dispersed in PBS - along with 10 |j.g of adjuvant Lastly, 
10 the effect of the resuspension buffer was examined by administering to mice a single 10 
log dose of encapsulated DNA dispersed in either PBS or sodium chloride free phosphate 
buffer (PB). 

CTL responses were measured using spleen cells hanrested from the mice. CTL lines 
were generated by culture of immune spleen cells with APC lines transfected with the 
Id autigcu ot mterest Lines wcie snmulated weekly and CTL activity was assessed ia a 
standard 51 Chromium release assay 6 days after the m vitro stimulation. 

Resu/is 

The process resulted m microspheres that were small (about 1-10 ^m in diameter), with 
rapid release kinetics, liigh encapsulation effidency (40-80%), and good retention of 
20 supercoiled DNA. More dian 33% of the microsphere contents were released after 48 
hours m vitro at 37°C, more llian 50% were released after four days; and more than 70% 
after 7 days. The ratio of supercoile J-to-mcked DNA for the plasmid extracted from the 
microspheres was more than .Sl)% of the ratio of the input DNA. 

Figure 1 is a scanning elerrrnn mirrngraph illustrating the small and porous nature of 
25 DNA microspheres of the invention. In addition to porosity, the microspheres have 
a high surface area to volume ratio and a .short characteristic length of diffusion, 
facilitating relatively rapid release of encapsulated DNA over 10 days. Bar 
represents 5 |im; magnification at 3,000x. 

27 
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Figure 2 is a giaph depicting C)=pical particle size distribution of DNA microspheres 
formulated ia accordance with the invention. The microspheres range from 1-10 (im 
in diameter, making them weU-suited to be phagocytosed by antigen presenting ceils. 

Figure 3A is a graph showing encapsulation efficiency as a function of the amount of 
5 DNA (in mg) used in a microsphere formulation. 

Figure 3B is a graph showing core-loading of microspheres as a function of the 
amount of DNA (La mg) used in the formulatioa. The linear increase in cote-loading 
with increasing DNA amount suggests that encapsulation efficiency may remam 
essentially constant at approximately 72%. At a core-loading of approximately 1-2%, 
10 the microspheres become saturated with DNA such that adding greater amounts of 
DNA results in lower encapsulation efficiencies. 

Figure 4 shows the results of an agarose gel electrophoresis of unencapsulated DNA 
(lane 2) and of DNA extruded from PLG microspheres (lanes 3-8). Lane 1 contains 
molecular weight markci- Mn-ti:ai n;clani. 'upDer hands^ of the DNA !)ccurred 
15 during microsphere preparation. Specifically, 81% (±3%) of the supercoiled content 
of the initial DNA was rctamed after encapsulation and extraction as determined by 
densitometdc analysis. 89% of the naked DNA and 72% of the encapsulated- 
extracted DNA were in the supercoiled state. 

Figure 5 is a graph showing DNA release kinetics using microspheres of the 
20 invention over the course of 10 days. Data are plotted as percent DNA release as a 
function of time in days. The nucrusphere formulation released the DNA reladvely 
rapidly, with nearly all of the DNA released by day 10. Such rapid release kmedcs 
are advantageous over slow lelense l e ir., 30+ days) due in part to the degradation of 
DNA within microspheres over extended periods of tune. 

25 Figure 6 is a graph showing rytolync nctivity of culmred T cells fi:om mice given three 20 
jag immunizations at two-week iiiterv;Js of encapsulated Her-2/neu DNA resuspended 
in PBS. Cytolytic activity was measured using a standard ^'Cr assay. Data are plotted as 
percent lysis as a function of effector Uuget rauo. Mice were immunized i.p. (circles), 

28 
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Lm. (tmngles), or s.c. (squares). Filled and open symbols represent specific and non- 
specific taxgets, respectively. E^ch group couLained five mice, and average responses are 
shown. Both ip. and i.m. immunizations consistently ga.ve better responses, while s.c. 
itamunizations typically resulted in weaker responses. 

5 Figure 7 is a graph showing cytolytic activity of cultured T cells firom mice gtven a single 
10 pg dose of TbH9 DNA i.m. Cytolytic activity was measured using a standard ^^Cr 
assay. Data are plotted as percent specrfic lysis as a function of effector: target ratio. 
Mice received DNA microspheres alone (lower circles), DNA microspheres plus 10 fig 
of an AGP adjuvant (lines marked 517, 527, 547 and 568), naked DNA (lower squares), 

10 or saline (lower triangles). Each group contamed four mice, and average responses are 
shown. Under this sub-optimal immunization schedule (i.e., 1 x 10 |Jg immunization 
with PBS as the buffer), the groups of mice immunized with either naked DNA or with 
microencapsulated DNA alone failed to geneiate a substantial CTL response. In 
contrast, mice immunized with microspheres in combination with AGP- 568, 517, or 547 

1 were able to generate srroiis' ' T! . ri-^nnnse.s. AGP 527 appeared to he mhibitorv m thi.'; 
assay. 

Figure 8 shows the molecular structures of aminoalkyl glucosaminide 4-phosphates 
(AGPs) evaluated in conjunction with DNA microspheres. These synthetic 
molecules were prepared using an enantioselective process, 

20 Figure 9 is a graph showmg cytolytic activity of cultured T ceUs from mice given a single 
10 |ig dose of TbH[9 DNA resuspended in eitiierPBS (triangles) or sodium chloride firee, 
isotonic phosphate buffer (circles). Squares represent mice immunized with saline. 
Cytolytic activity was measmed using a standard ^^Cr assay. Data are plotted as percent 
specific lysis as a function of effector: larget ratio. Each group contatned four imce, and 

25 average responses are shown Under this sub-optimal immunization schedule (i.e., 1x10 
Ug immuni7arion), the group of mire immunised with micrnencapsulated DNA 
dispersed in PBS failed to p;cno.rate a substantial CFI. response. In contrast, mice 
immunized with tmcrospheres dispersed in isotomc phosphate buffer (Le., sodium 
chloride free) generated stionp; CH'L respon.se;;, 

29 
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variations to the process described above were made, without substantively 

changing the basic properties of die uiietusplieres. These variations mclude; 

Internal Water Phase : Ethanol content was varied fi:om 0% up to 75% (v/v). 
Volume was varied from 0.1 ml up to 6.6mL Adjuvants were added, including 
QS21. Stabilizers were added, including bovine serum albumin (BSA). 

DNA : The amount of DNA was varied from 1 mg up to 60 mg. The 
concentration of DNA in the internal water phase was varied from 0.2 up to 12 
mg/mL The si2e of tlie plasniid was varied between about 3 kb to about 9 kb. 
The antigen encoded by the plasmid was also varied, such as her-2/ neu and 
TbH9. 

Polymer : The end group on the. PT .G polymer was varied between ester end 
groups and carboxylic acid end groups. The molecular weight of the PLG 
polymer was varied £i-om about 8 kDa up to 65 kDa. A cadonic lipid (DOTAP) 
wa,s, ill some caaei, acicled To ilie poivmi-T solution, and varied from 0.5 ro 5 
The amount of PLG polymer was varied between 150 and 3000 mg. Adjuvants, 
including MPL, were added to the polymer solution. 

Solvent The solvent was varied between dichloromethane, chloroform and 
ethylacetate. The ratio of internal water volume to solvent volume was varied 
from 0.01 up to 0.4 S, The ratio of PLG to solvent concentration was varied 
between 11 and 217. 

Stabilizer : The stabilizer in the process medium was \'aried between 
carboxymethylcellulose (CMC), polyvinyl alcohol (PVA) and mixtures of CMC 
and PVA. The content of the sLabdiner in the process medium as varied between 
1% and 5%. A cationic lipid (DOTAP) was added to the stabiliser. 

Muang Condition- h-An iIj mi syringes and 2U mi sytmges were tested as the 
mixing vessel for t:-.c ::ri:ii::rv c:mii;.ior!, Vanou.s tnixing heads on the Siiverson 
mixer were also tested. 
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Summary 

A quick release, high efficiency, porous, 1-10 f.Lm DNA mictospheie fotmulation was 
developed and tested. CTL responses to two antigens, Her-2/neu and 'Yhii9, were 
generated using these DNA microspheres. Moreover, T cells generated by Her-2/neu or 
5 TbH9 DNA immunizations have been shown to tecogtiize and kill human tumors 

ejqjressiog the corresponding antigen. Intramuscular and intraperitoneal routes proved 
best for CTL eliatation. Several AGPs provided substantia] CTL adjuvant activity to the 
DNA inicrospheres. Sodium chloride mhibited CTL generation to DNA microspheres. 

F,Y<itnp1p 7.' A GP Adjuvants Enhance Efficacy of DNA Microspheres 

10 In this example, 10 (ig of AGP in aqueous formulation was added to 10 \ig DNA 
encapsulated in PLC microspheres in suspension in PBS. The microspheres were 
prepared with a 5G3H polymer using a double emulsion technique, CMC stabili2er and 
the "5.1" method, resulting in microspheres of about 1 to 10 fxm in diameter. The 
microspheres were injectt-t! im in ( mps < if :' Mir CS'Bl/'G mice. Spleen.s wcic harvested 

15 3-4 weeks foEowing immuiuzatiou and processed into single ceE suspensions. 

Splenocytes were stimulated in vitiv widi EL-4 cells stably expressing the TbH9 gene. 
CTL activity was assayed by standard protocols. Fresh splenocytes were also stimulated 
in vitro with 5 Hg/ml recombinant TbH9, and supematants assayed for IFN-gamma 
secretion, by ELISA. The results demonstrate that AGP adjuvants can provide strong 

20 cellular immune responses to an antigen encoded by DNA encapsulated in microspheres, 
superior to that occmring without adjuvant. 

Figure 10 is a bar graph showing IFN-gamma secretion (in pg/ml) in response to in wlro 
stimulation with recombinant niH9, assayed usmg splenocytes harvested from mice 3 4 
weeks following immuni2ation with TbII9 DNA encapsulated in PLG microspheres 
25 with AGP. 

Figure 1 1 is a graph showing mean CTT.. activity after a single in win stimulation with 
FlL-4 cells stably expressing the TbHy gene of splenocytes harvested &om mice 
imm nniypfi with TbH9 UNA encapsulated in PLG microspheres to which AGP was 
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added. The graph shows mean specmc lysis as a function of effector target ratio for 
iinmunization conditious including saliuc (closed diamonds), naked DNA (dark squares), 
DNA-PLG (lower triangles), and DNA-PLG plus AGP- 517 (light X's), 522 (asterisks), 
525 (circles), 527 (+'s), 529 (dashed hae), 540 (-'s), 544 (open diamonds), 547 (light 
5 squares), 557 (upper triangles), or 578 (dark X's). 

Figure 12A shows mean CTL activity' after a second in vitro stimulation of splenocytes 
from mice immunized with TbH9 DNA-PLG alone (open squares), with AGP- 527 
(closed squares), 544 (dark diamonds), 557 (closed circles), or with naked DNA (open 
circles) or saline (triangles). 

10 Figure 12B shows mean CTL acdvity after a second in vitro stimulation of splenocytes 

ficom mice immunized with TbH9 DNA-PLG with AGP- 517 (dosed squares), 547 (dark 
diamonds), 568 (dark triangles), or with naked DNA (X's). 

Hvqfpplp \ T-TTimiinp Rfi.sjin oses Ehcite d in Monkeys By Encapsulated DNA 

This example describes die uimiune tesponses eUcited in Rhesus macaques following 
1 5 three immunizations, at mc nthly intei-vals, widi either naked TbH9-VR1012 DNA or 
TbH9-VR1012 DNA encapsulated in microspheres diat were prepared in accordance 
with the invention. Naked DNA consisted of 3.3 mg plasmid + 40 |i.g RC 527 -AF, 
immunized by intradermal and intramuscular routes. Microsphere DNA consisted of 3 
mg plasmid + 50 ^ig RC 568-AF delivered intramuscularly. There were four animals m 
20 each group. The results, shown in Figures 13-15, demonstrate that the microsphere- 
encapsulated DNA ehcited stronger immune responses than were observed with naked 
DNA. 

Figures 13A-B are graphs showing scrum antibody titers to TbH9 of Rhesus macaques 
four weeks after a 3''' immunization with TbH9, encapsulated in microspheres and 
25 administered intramusculaiiy (Figure 1 3A), or delivered as naked DNA via intradermal or 
intramuscular routes (Figure 1 3R). 
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Figure 14 is a bar graph showing antigen- induced gamma interferon (IFN-y) production 
from monkey PBMC at 4 weeks after a 3'^ inimuni2ation with saline, recombinant TbH9 
(rTbH9), naked DNA encodmg TbH9 or microspheres encapsulating DNA encoding 
TbH9. Individual bars represent individual subjects. 

5 Figures 15A-B are graphs showmg monkey CTL response at two months afteac a 
immunization with microencapsulated (Figure 15A) or naked (Figure 15B) DNA 
encoding TbH9. Percent specific lysis is plotted as a fiinction of effector.taiget ratio. 



Those skilled in the art will appreciate that the conceptions and specific embodiments 
10 disclosed in the foregoing description may be readily utilized as a basis for modifying or 
designing other embodiments for carrying out the same purposes of the present 
invention. Those skilled in die art will also appreciate that such equivalent embodiments 
do not depart from the spirit and scope of the invention as set forth in the appended 
claims. 
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Wliat IS claimed is: 

1. A nucleic acid delivery system comprising deoxyribonucleic acid (DNA) 
encapsulated in biodegradable polymeiic microspheres, wherein at least 50% of 
the DNA comprises supercoiled DNA, and wherein at least 50% of the DNA is 
released from the microspheres after 7 days at about 37°C. 

2. The nucleic add delivery system of claim 1, wherein the microspheres have an 
encapsulation efficiency of at least about 40%. 

3. The nucleic add delivery system of claim 1 or 2, wherein at least about 70% of 
the DNA is released from the miciospheres after 7 days at about 37°C. 

4. The nucleic acid deliver)' system of any one of daims 1 to 3, wherein at least 
about 90% of the miciospheres are about 1 to about 10 |lm in diameter. 

5. The nucleic acid delivciy sys'-cin of aav one of claims 1 to 4, wherein the 
microspheres comprise poly(lacto-co-glycolide) (PLG). 

6. The nuddc add delivery system of any one of claims 1 to 5, further comprising 
an adjuvant. 

7. The nuddc add deliver}' system of claim 6, wherein the adjuvant comprises an 
amifioalkyl glucosaminide 4-phosphate (AGP). 

8. The nucleic acid delivery system of any one of claims 1 to 7, wherein the DNA 
encodes an antigen associated with cancer or infectious disease. 

9. The nucleic acid delivery system of claim 8, wherein the cancer is breast cancer. 

10. The nucldc add deliver)' system of claim 9, wherdn the antigen is her2/neu. 

1 1 . The nucleic acid delivery system of claim 8, wherein the infectious disease is 
tuberculosis. 
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The nucleic acid deliveiy system of ckini 11, wherein the antigen is TbH9. 

A method for encapsulating nuclac acid molecules in microspheres comprising: 

(a) dissolving a polymer in a solvent to form a polymer solution; 

(b) adding an aqueous solution containing nucleic add molecules to the 
poljTiier solution to foan a primary emulsion; 

(c) homogenizing the primary emulsion; 

(d) mixing the primary emulsion with a process medium comprising a 
stabilizer to form a secondary emulsion; and 

(e) extracting the solvent from the secondary emulsion to form microspheres 
encapsulating nucleic acid molecules. 

The method of cLuni 13, wherein die polymer comprises PLG. 

The method of clami 14, wherein the PLG includes ester end groups or 
carboxylic add end groups. 

The method of cLiim 14 or 15, wherein the PLG has a molecular weight of from 
about 8 kDa to about 65 kDa. 

The method of any one of claims 13 to 16, wherein the nucleic add molecules 
are maintained at about 2°C to about 35°r, prior to the extraction. 

The method of claim 17, ^"herein the nucleic acid molecules are maintained at 
about 4''C to about 25°C prior to the extraction. 

The method of any one of claims 13 to 18, wherein the solvent comprises 
dichloromethane. chlnrnfnrm nr ethylacptfitp 

llie metlioJ of aii) i nic oi claims 13 to 1 9, wherein the polymer soiuflon turther 
comprises a catiouic lipid. 
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21 ITie method of any one of cLdius 1 3 to 20, wherein the polymer soluUon further 
comprises an adjuvant. 

22. The method of daim 21, wherein the adjuvant comptises MPL. 

23. The method of any one of claims 1 3 to 22, wherein the stabilizer comprises 

5 carboxymethylcellulose (CMC), polyvinyl alcohol (FVA), or a mixture of CMC 

andPVA. 

24. The method of claiiTi 23, wherein the stabilizer further comprises a cationic lipid. 

25. The method of any one of claims 1 3 to 24, wherein the stabilizer comprises from 
about 1% to about 5% of the process medium. 

10 26. The method of any one of claims 13 to 25, wherein the solvent comprises an 
intemal water volume of from about 0.001% to about 0.5%. 

27. The method uf any owe of claims 1 3 ro .'(i, wherein the aqueou'^ sdliitinn 
comprises an ethaiKjl content of from about 0% to about 75% (v/v). 

28. The method of any one of claims 13 to 27, wherein the nucleic acid molecule 
15 comprises DNA. 

29. The method of claim 28, wherein die aqueous solution comprises about 0.2 to 
about 12 mg/ml DNA. 

30. The method of claim 28 or 29, wherein the DNA con^Jtises a plasmid of about 3 
kb to about 9 kb. 

20 31. The method of any one oi claims 13 to 30, wherein the aqueous solution further 
comprises an adjuvant. 

32. Ihe method ot claim 1 , wheiem the adjuvant comprises QS21, 

33. The method of any one of claims 1 3 to 32, wherein the aqueous solution further 

comprises a stabilizer. 

36 
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34. The mcdiod of claim 33, ^vlictciu die bUbilizei compriiiei> bovine serum albumin. 

35. The method of any one of claims 1 3 to 34, wherein at least 50% of the DNA 
retains a supercoiled formation through the extraction step. 

36. The method of any one of claims 13 to 35, wherein the encapsulation efficiency 
5 is at least about 40%. 

37. The method of any one of claims 13 to 36, wherein the microspheres release at 
least about 50% of tlie nucleic acid molecules within about 7 days. 

38. The method of claim 37, wherein the microspheres release at least about 50% of 
the nucleic add molecules within about 4 days. 

10 39. The method of any one of claims 13 to 38, wherein at least about 90% of die 
microspheres ate from about 1 fim to about 10 )im. 

40. A pharmaceutical coinposmcm comprising nucleic acid molecules encapsulated in 
microspheres produced by the method of any one of claims 13 to 39. 

41. The composition of claim 40, further comprising an adjuvant. 

15 42. The composition of claim 41 , wherein the adjuvant comprises an aminoalkyl 
glucosaminide 4-phosphafe (AGP). 

43. The composition of any one of claims 40 to 42, wherein the DNA encodes an 
antigen associated with cancer or infectious disease. 

44. The composition of claim 43, wherem the cancer is breast cancer. 
20 45. The composition of claim 44, wherem the antigen is her2/neu. 

46. The composition of claim 43, wherein the infectious disease is mberculosis. 

47. The composition of claim '16, wherein the antigen is TbH9. 
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Use of the nucleic acid dcavciy system of cLurn 1 for tlie preparation of a 
composition for delivenng a nucleic acid molecule to a subject 

Use of the nucleic acid deliveiy system of claim 8 for the preparatioa of a 
composition for eliciting an immune response to an antigen in a subject 

Use of the nucleic acid delivery system of claim 10 for the preparation of a 
composition for treating or preventing a cancer associated with her2/neu antigen 
in a subject 

Use of the nucleic acid delivery system of claim 12 for the preparation of a 
composition for treating or preventing tuberculosis in a siibject. 

Use of an aminoalkyl glucosaminide 4-phosphate (AGP) for the preparation of 
an adjuvant for enhancing tlie immunostimulatory efficacy of microspheres 
encapsulating nucleic acid molecules. 

The use of claim 52, wherein tJie AGP comprises an aqueous formulation. 

The use of claim 52 or 53, wherem the AGP comprises 517, 527, 547, 557 or 
568. 

The use of any one of claims 52 to 54, wherein the AGP is administered 
simultaneously ■with the microspheres. 

The use of any one of claims 52 to 54, wherem the AGP is administered before 
or after administratiou of die microspheres. 
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AMENDED CLAIMS 
[received by the International Bureau on 4 February 2002 (04.02.02); 

original claims 1 and 13 amended; 
retnaining claims unchanged (2 pages)] 

A nucleic acid deliverv system comprising deo.vv'nbonucleic aad (DNA) 
encapsulated in biodegradable polymenc microspheres, wherein the DNA is 
maintained above freezing temperature and below 37°C prior to the 
encapsulanon, wherein at least SO^ of the DNA comprises supercoiled DNA, 
and wherein at least 50° o of the DNA is released from the microspheres after 7 
days at about 37°C. 

The nucleic acid dehven- svstcm of claim 1 , wherein the microspheres have an 
encapsulauon efficiencv of at least about 40%. 

The nucleic acid dehver\- s\ stem of claim 1 or 2, wherein at least about 70% of 
the DNA IS released from the rrucrosphcres after 7 days at about 17°C. 

The nucleic acid dcliven- svstem of anv one of claims 1 to 3, wherein at least 
about 9u'' u u' tlic uuLL^oi_w,L:,_ , .,u ; ;.,.il,v<ui ' >! Li ni in diameter. 

The nucleic acid dehven- svstcm of anv one of claims 1 to 4, wherem the 
microspheres comprise polv(lacto-co-glycolide) (PLG). 

The nucleic acid dehven- svstem of anv one of claims 1 to 5, further composing 
an adjuvant. 

The nucleic acid dehven- svstem of claim 6. wherein the adjuvant comprises an 
aminoalkyl glucosaminidc 4-phosphatt; fAGP). 

The nucleic acid dehven svstcm or anv one of chums 1 to ~. wherem the DNA 
encodes an anagcn associated with cancer or mfecnous disease. 

The nucleic acid deh\-er-. s-, slciii uf cliiini 8, wherein the cancer is breast cancer. 
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1 1 . The nucleic acid deliven- system of claim 8, wherein the mfecdous disease is 
pjberculosis. 

12. The nucleic acid deliven- svstem of claim 11, wherein the anogen is TbH9. 

13. A method for encapsulating nucleic acid molecules iji microspheres comprising: 

(a) dissolving a polvmer in a solvent to form a polymer solution; 

(b) adding an aqueous solution containing nucleic acid molecules to the 
polvmer solunon to form a pnmar)' emulsion; 

(c) homogenizing the primarv' emulsion; 

(d) mixing the pnman- emulsion with a process medium comprising a 
stabilizer to form j sccondan,' emulsion; and 

(e) extracting the soh.-rnr trnm rhc ^ccondan- em'olsion to form microspheres 
encapsulating nucleic acid molecules, wherein the nucleic aad molecules 
are mamtamcd above freezmg temperature and below 37°C pnor to the 
extraction. 

14. The method of claim 13, wherein the polymer compnscs PLC. 

15. The method of claim 14, wherein the PLG includes ester end groups or 
caxbo.'<ybc acid end groups. 

1 6. The method of claim 1 4 ur 15, wherein the PLG ha.s a molecular weight of from 
about 8 kDa to about 65 kOa 

1 7. The method of any one of claims 1 .3 to 1 6, wherein the nucleic acid molecules are 
maintained at about 2°C to about 35°C pnor to the extracnon, 

1 8. The merhnd nf claim 1 ". whcrsLn the nucleic acid mnlerulc<; are maintamcd 
about 4°C to about 25°C; pnor to the e 
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FIG. 3A 
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FIG. 3B 
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FIG. 5 
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